Heavy rainfall is considered to be the main cause of the slope failures that cause collapse catastrophically without prior warning. Therefore in order to investigate the effect of rainfall on the stability of geogrid reinforced soil structures, this paper presents the result from a series of pullout tests for investigating interface behavior between soil and geogrid. By varying the water content of soil sample, the interaction behavior is determined by carrying out pullout tests in a displacement-rate controlled manner. The main test results obtained are presented, followed by discussion on the shear behavior of the soil-geogrid interface considering the effect of moisture content. It is shown that the normal stress level and interface water presence dominate the shear behavior of the soil-geogrid interface in the pullout tests.
Introduction
Geosynthetic-reinforced soil retaining walls have been popular in Japan since a number of benefits such as aesthetics, cost, and expediency of construction, where the seasonal typhoon attacks are commonly encountered. High intensity rainfall over sufficient time is the threat of stability of retaining wall. However, little attention is paid to infiltration of rainfall water.
The retaining walls include three components: the backfill, the reinforcing inclusions, and the facing. The geogrid, conventional reinforcing inclusion, provides additional strength and stiffness to the retaining wall against failure of retaining wall. The pullout capacity of geogrid embedded in backfill soil depends on various factors such as the soil properties, interface friction coefficient between the inclusion and soil, overburden pressure, and reinforcement embedment length. The effect of infiltration induced by heavy rainfall on the pullout strength is believed to be responsible for the failure of a lot of geogrid reinforced soil structures. The collapse of geogrid-reinforced wall at the Barren River Plaza Shopping Center in Glasgow, Kentucky; and the failure of reinforced retaining wall during monsoon season in Korea; give examples of the serious consequences without regard to water infiltration after heavy rainfall (Leonards G.. A. et al., 1994; Chungsik Yoo et al., 2006) .
In order to investigate the impact of water permeation upon the pullout capacity of embedded geogrid, a new pullout test apparatus allowing infiltration during pullout process is developed. As the first step of this study, Toyoura sand is investigated.
Testing Program
The main purpose of the pullout test is to investigate the interface characteristics for soil and geosynthetics. A traditional pullout test apparatus is updated in order to investigate the infiltration influence on reinforcing effect. Fig.1(a) is the picture of this device and Fig.1(b) is the sketch of it. A water bearing layer is installed between the air bag pressure and soil sample, which is made up of two pieces of geocloth with good water permeation behavior. The water bearing layer is saturated by the water from water tank through tubes (as shown in Fig.1 ), providing water to infiltrate into the soil sample under overburden pressure. Such test condition is similar to in-suit infiltration induced by heavy rainfall. The pullout box is rectangular in shape and is 400mm wide, 600 mm long and 200 mm high. Friction between soil and inside wall of the box is lubricated by greasing rubber membranes. An air pressure bag is used to apply uniform vertical pressure on the top surface of the soil sample. The maximum valid pressure is 150 kPa. The biaxial geogrid (shown in Fig.2 ) is installed in the middle of pullout box. The length of geogrid inside the pullout box is maintaining constant during pullout test. The tests are carried out with constant speed of 1.0 mm/min by means of screw jack under the constant vertical pressure. 1 Student member, Department of Civil Engineering, Kyushu University, Fukuoka, Japan 2 Member, Department of Civil Engineering, Kyushu University, Fukuoka, Japan In order to study the pullout behavior in more detail, displacement gauges are set on the top side to investigate dilatancy behavior during pullout test. Two tension meters also installed in the middle of top half pullout box, monitoring the pore water pressure, and several soil pressure sensors are buried inside soil sample, checking the soil stress distribution.
(2) Soil used Most of geosynthetic reinforcement is confined to granular soils, such as gravel and sand. Because of their relative good drainage, they are regarded as lower water susceptibility. However, the risk of failure caused by rainfall still exists. Therefore, as typical silica sand in Japan, Toyoura sand is selected in this study.
The basic properties of Toyoura sand are summarized in Table 1 . Fig.3 presents the compaction curve of soil obtained from the Japanese standard laboratory compaction test .
As shown in table 2, as a first step of this study, five pullout tests are performed with different overburden pressure and different infiltration procedure to investigate the infiltration influence on Toyoura sand.
Three soil statues, dry, saturated and unsaturated, are studied for surveying the influence of water presence on reinforcing effects. Two kinds of overburden pressure, 15kPa and 25kPa, are applied to the specimens.
All the soil samples are prepared under the same initial state, dry sand with 80% relative density, whose dry density is 1.57g/cm 3 . For saturated soil sample, water is supplied to water bearing layer after pressure exerted, and then infiltrates into the Toyoura sand. Tension meters inside the soil sample monitoring the suction changes during the saturating process. When the suctions are close to 0 and vertical displacement of soil sample is stable for a long time, the soil sample could be regarded as saturated. At the same time, in the case of unsaturated Toyoura sand, vacuum pressure is exerted on the bottom of pullout box. The water inside soil sample is pumped out. The pumping process stops when the suction is around a fixed value with the help of tension meter. Fig.4 presents the vertical displacement on top side of soil sample during the procedure of saturating and pumping. Gauge1, Gauge 2 and Gauge 3 mean different displacement gauges on the top side of soil sample. Negatives indicate soil sample contraction. The vertical displacements are stable in these processes, decrease in a slow rate. It infers that the soil structure of soil sample is not affected distinctly in saturating and pumping procedures. It makes sure that the main effect factors are the water presence and the overburden pressure in this study. It is shown from Fig.5(a) and Fig.6(a) that the pullout resistance of saturated Toyoura sand with infiltration is nearly similar to dry sand in the beginning of pullout test. And then the pullout force of dry sand becomes greater compared with saturated one as the displacement increases. However, when the soil sample is unsaturated, the pullout resistance is greater than dry sand's (shown in Fig.5(a) ).
Results and discussion
In order to illustrate the influence of water presence on the pullout strength, the peak pullout strengths of dry, saturated and unsaturated soil sample are compared in Fig.7 respectively. The peak pullout strength is selected as the benchmark, and other strengths are normalized by dividing peak pullout strength of dry soil sample. The water content of unsaturated Toyoura sand is around 11.6%, therefore the degree of saturation is around 44.9%. Fig.7 shows that the pullout strength of unsaturated soil is greater than dry one's and pullout strength of saturated soil is small than dry one's. It indicates that the suction is key factor affecting the reinforcing effect of geogrid. Usually the backfill is unsaturated in engineering practice. When the rainfall takes place, the backfill of sandy soil is easy to be saturated due to its good permeability. Therefore the risk of losing reinforcing resistance is exists. It is possible that the magnitude is more than 10%. At the same time, dilatancy behavior of soil sample during pullout test is also obviously affected by the water presence. The dilatancy behavior is more distinct in dry Toyoura sample in both 15kPa and 25kPa pressure. On the other hand the dilatancy behavior is more significant in the situation of unsaturated soil (shown in Fig.5(b) ). The dilatancy behavior of soil sample is strongly linked with internal friction angle of soil sample. The presence of water maybe change the internal friction angle of Toyoura sand (shown in Fig.5(b) and Fig.6(b) ).
It is believed that, together with suction, the pore water induced during pullout procedure would decrease the effective stress, therefore decrease the reinforcing effect. In view of this possibility, the changes of pore water pressure during pullout test are monitoring by tension meters around the geogrid. As shown in Fig.8 , the pore water pressure increment denotes the changes of water pressure relative to the initial pore water pressure in the beginning of pullout test. The negative value indicates increase of suction and the positive value presents the increase of pore water pressure. Point 1 and Point 2 are different measurement point above the The pore water pressure in Point 2 is stable, and the pore water pressure change in Point 1 is small, within 0.5 kPa under overburden pressure of 15 kPa. On the other hand, in the case of saturated sample, the pore water pressure is also very stable in the beginning of pullout test, and then the suction increases. The reason of this change maybe that the internal structure is changed due to the geogrid pullout and water is easier to discharge, making the decrease of water content. Due to the good permeability of Toyoura sand, the pore water is easy to dissipate, therefore, the pore water pressure would not influence the pullout resistance obviously when the water content changed. Theoretically, the pullout resistance of geogrid embedded in soil sample is made up two components, involving the mobilization of shear resistance on the top and bottom surfaces of the reinforcement and bearing resistance on the transverse members (Jewell et al., 1984) .
In view of that the permeability of Toyoura sand is high, the pore water pressure induced during pullout test is dissipated quickly (shown in Fig.8) . The effective stress applied on soil particle and geogrid maybe affected fractionally. The bearing component of geogrid pullout resistance may not be influenced by the presence of water in the interface of geogrid and Toyoura sand.
The previous research also suggests that the friction angle is slightly influenced by the water presence at the interface between geosynthetics and soil, maybe around 1 or 2 degree only (M.W. SEO et al. 2007 ). Moreover, the pullout strength (shown in Fig.4(a) and Fig.5(a) ) illustrates that the influence of infiltration on interface frictional behavior between Toyoura sand and geogrid exists. Therefore, the water presence in Toyoura sand would changes its frictional behavior, leading to the change of reinforcing resistance.
Conclusions
Study on the pullout resistance of geogrid-Toyoura sand interface with the presence of infiltration is carried out. Special attention is directed to the survey linked with the effect of infiltration on the pullout behavior. The following remarks could be drawn:
(1) A pullout test apparatus developed is able to reflect the infiltration process during the rainfall successfully. And it could investigate the pullout strength linked with water presence in more detail. (2) The water infiltration would decrease the suction of Toyoura sand. Due to the decrease of suction, the reinforcing effect in Toyoura sand maybe decrease more than 10%. (3) Due to the well permeability of Toyoura sand, the pore water pressure is stable during pullout test. The pore water pressure is not the main factor influencing the pullout strength. (4) Because of less effect of water presence on effective stress, the change of pullout resistance may be caused by change of the interface frictional behavior due to the water presence.
